tomatic coronary artery stenosis. Risk factors included hypertension in 9 patients (82%), diabetes mellitus in 2 (18%), chronic obstructive pulmonary disease in 3 (27%), and chronic renal dysfunction in 2 (18%). The mean ejection fraction was 59±12% (Table 1) .
Surgical Procedure
The first stage of the combined surgical procedure started with coronary revascularization followed by repair of the AAA. Ten patients underwent extended midline sternotomy with an incision from the sternal notch to the superior border of pubic symphysis, and one patient had a midline lower sternotomy (inverted L incision) from the right 3rd intercostal space to the superior border of pubic symphysis. The selection of grafts and their target coronary arteries was individualized; however, every effort was made to achieve complete revascularization using arterial conduits. After midline incision and harvest of the appropriate grafts, the pericardium was opened. A local coronary stabilizer (Octopus-2 coronary stabilizer, Medtronic, Minneapolis, MN, USA) was placed onto the target coronary artery. Coronary stabilization of the posterior aspect of the heart was further supported with an appropriate Table 2 ). All cases were doing well after discharge.
Discussion
CAD is common in patients with AAA and is the leading cause of postoperative death following AAA rapair. 2 The 5-year mortality rate from myocardial infarction in patients who had preoperative evidence of heart disease is 4 times higher than that for patients without CAD, 3 and therefore it has been recommended that cardiac evaluation and coronary revascularization, if indicated, be carried out before AAA repair. [8] [9] [10] [11] Generally, the CAD is treated first, followed by AAA repair, and improvements in CABG and percutaneous transluminal coronary angioplasty (PTCA) before AAA operation have clearly decreased both early and late mortality. 12, 13 Single-vessel disease can be treated by PTCA, although there is a significantly greater chance of repeat intervention and recurrence of angina than with CABG. 14, 15 In the present study, the average number of coronary bypass grafts was small because the patients for the most part had asymptomatic CAD.
Symptomatic and/or large AAA left untreated have a high risk of rupture, and therefore high mortality, 16 and patients with a large symptomatic AAA are at risk if a staged procedure is adopted. There is an increased incidence of AAA rupture after major abdominal and thoracic operations, 17,18 with the primary operation and then postoperative factors playing a role in hastening rupture of the aneurysm. A single operation avoids repeat anesthesia and 2 convalescence periods, and is thus justified providing there is no additional operative risk to the patient. There are other advantages of a combined procedure: it is cost effective because a second hospitalization and procedure are avoided, 19 and the added benefit of a favorable psychological effect. However, on-pump conventional CABG is invasive because of the need for CPB. CPB and cardioplegic arrest result in physiologic inflammatory, coagulopathic and embolic states that may result in end-organ damage. In patients with complications, impaired left ventricular function, poor respiratory function and/or renal failure, the mortality rate of combined surgery with CPB under cardiac arrest is reported to be 0-25%. [20] [21] [22] [23] The patients at highest risk for undergoing CPB, including those of advanced age and having ventricular dysfunction, are precisely those for whom OPCABG may be the most useful. OPCABG also reduces hospital cost, the length of postoperative stay and morbidity compared with CABG on CPB, and is safe and effective. 4, 5 In patients requiring one coronary revascularization, a minimally invasive direct coronary artery bypass (MIDCABG) may be indicated; however, it is a challenging technique because of the longer time of the surgery and 756 MORIMOTO K et al.
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retropericardial suspension suture. 7 Heparin (initial dose; 100 U/kg body weight) was administered to maintain an activated clotting time of more than 200 s during the anastomosis. Dopamine hydrochloride was administered as required to maintain a systolic arterial pressure greater than 80 mmHg. Intraoperatively, isosorbide dinitrate and diltiazem were continuously infused (1.0 g · kg -1 · min -1 ).
A coronary shunt (CLEARVIEW, Medtronic) was used to establish distal coronary perfusion in most cases. Distal anastomoses were created by the double parachute technique using 7-0 or 8-0 polypropylene suture. The proximal free-graft anastomosis to the ascending aorta used 5-0 polypropylene suture with a side clamp applied to the ascending aorta.
Bypass of the left internal thoracic artery (LITA) to the left anterior descending artery (LAD) (seg 8) was carried out in 8 cases; in 1 case, the right internal thoracic artery was used instead (seg 8) and the LITA was revascularized to the left circumflex artery (LCX) (seg 14). The right coronary artery (RCA) was revascularized with the right gastroepiploic artery (RGEA) in 4 cases: one had a midline lower sternotomy (inverted L incision), 2 received 2 bypass grafts with LITA graft to LAD, so they had a full sternotomy, and the other had cardiomegaly and was revascularized to distal RCA branch (posterodescending branch, seg 4), requiring a full sternotomy. The left radial artery was used to the LCX (seg 12) from the ascending aorta as a free graft in 1 case. The number of single bypasses was 7, and there were 4 double bypasses.
Off-pump CABG (OPCABG) was performed in 10 patients; in 1 case, the anastomosis to the branch of LCX was not easy because of an unstable hemodynamic change (hypotension), so a centrifugal pump and pulmonary assist with closed circuit was established between the ascending aorta and right atrium.
The aortic aneurysms were repaired with collagenimpregnated Dacron bifurcated or tube grafts.
Statistics
Statistical analysis was performed using Statview version 4.5 (SAS Institute, Cary, NC, USA) and the results were expressed as mean ± SD.
Results
The average number of coronary bypass grafts was 1.4±0.5. In the abdominal aortic position, 9 (82%) bifurcated (Y) grafts and 2 (18%) straight tube (I) grafts were implanted, and left renal artery reconstruction was carried coronary occlusion and has a higher risk of conversion and wound infection. 24 Gersbach et al compared OPCABG and MIDCABG and found the former to be more comfortable for both patient and surgeon, 25 which is why we chose beating heart CABG with a sternotomy approach. Our simultaneous procedure was completed without severe complications in all cases, and all were discharged with patent coronary artery grafts. Our operative and postoperative results had an allowable and acceptable surgical invasiveness. In 1 case, anastomosis to the posterolateral coronary branch was difficult because of a hemodynamic change, so instead we performed the revascularization on the beating heart under cardiopulmonary support with a closed circuit to ensure hemodynamic stability.
We conclude that combined CABG on the beating heart and AAA repair in a one-step approach is a useful therapeutic strategy. Early results for off-pump beating heart CABG have already been established, 4, 26 and follow-up studies to determine the long-term results are now required.
